Sperm are uniquely suited to transmit DNA, but they must also protect it. DNA is particularly vulnerable during spermatogenesis and must be shielded from transposable elements and other damage that could occur as it is packaged into an ultracompact state in the final haploid cell.
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In a new study, Ke Zheng and P. Jeremy Wang examine how Piwi RNAs (piRNAs) protect sperm DNA. They uncover two distinct roles for these diminutive, ;30-nucleotide RNAs, one operating at the prepachytene and the other at the pachytene stage of meiosis in mice.
The pre-pachytene role is a familiar one that involves piRNAs mostly derived from transposons. At this stage, these piRNAs are deployed to silence retrotransposons. The role for piRNAs at the pachytene stage is distinct and involves tens of thousands of piRNAs. The new findings suggest that the role of piRNAs at this stage of spermatogenesis is to maintain genome integrity; they are required to prevent DNA damage.
The researchers were able to dissect these two roles by modifying the activity of a gene required for piRNA processing. Using a Cre-lox recombination system, they selectively depleted this gene during the pachytene stage of meiosis in mice. Mice bearing this modification produced pre-pachytene piRNAs and retrotransposon silencing occurred normally. But the mice failed to produce pachytene-stage piRNAs, resulting in arrest of spermatogenesis at the post-meiotic stage. The DNA of these developing sperm seemed to be massively damaged, as determined by staining with a marker for DNA doublestranded breaks.
The process of sperm DNA packaging involves the production of DNA breaks during the replacement of histones with protamines, the sperm-specific packaging proteins. Normally, these breaks are repaired by a mechanism that involves the DNA damage response; the new findings hint that pachytene piRNAs may be part of this mechanism.
Zheng K, Wang PJ. Blockade of pachytene piRNA biogenesis reveals a novel requirement for maintaining post-meiotic germline genome integrity. PLoS Genet 2012; 8(11):e1003038. Neuroscientists have elucidated how testosterone prevents male mice from developing mammary glands innervated by a network of sensory neurons. The findings illuminate the poorly understood question of how sex hormones can regulate the development of a neural circuit specific to one gender.
Making Neuronal Circuits Male
Both male and female mice establish nascent mammary glands during embryonic development, but differences begin to emerge about two-thirds of the way through gestation. Yin Liu et al. report that, at Embryonic Day 13, males and females begin to develop a rich network of sensory neurons that innervate that gland; however, in males, this network is rapidly lost over an eight-hour period as the neuronal sensory axons regress. By birth, the male glands are barely detectable.
To determine why this neuronal regression occurs, the researchers first uncovered the machinery that makes them grow. They found that the non-neuronal, mesenchymal cells of the mammary gland produce brain-derived neurotrophic factor (BDNF), which in turn causes sensory neuron development by interacting with the receptor TrkB on neuronal axon terminals. The researchers were surprised to find that the male mice also produced TrkB on their neurons.
The researchers then looked for other differences in the male mammary glands and found that the male mesenchymal cells, but not the female cells, produced a truncated form of TrkB. The researchers provide evidence that this truncated form of TrkB sequesters BDNF, interfering with its ability to induce axonal growth. As a result, neurons regress in male mice.
Remarkably, the local synthesis of androgens regulates TrkB expression in mesenchymal cells and a flutamide blockade of androgen action in males results in the female pattern of mammary innervation. The findings show how testosterone leads to sexually dimorphic expression of a regulator of neuronal development. Researchers have developed a molecular map of the early stages of human germ cell development that outlines the timing of events in epigenetic reprogramming and determines when key regulatory factors are present. The findings should aid efforts to create human germ cells from human embryonic or induced pluripotent stem cells.
Scientists have a rough idea of the progression of molecular events during mouse germline development. For instance, they know when key germline regulators such as OCT4 and VASA appear, as well as c-KIT, one of the first molecular markers of primordial germ cells. They have also studied the timing of global genome reprogramming, a key event in establishing totipotency during which methyl marks on DNA are erased and other changes to DNA occur.
But much less is known about human primordial germ cells. One barrier has been that it is difficult to obtain clean data on cell populations. Expression of key RNAs, for instance, might occur stochastically at different times in different cells, a pattern that would be drowned out in RNA analyses of pooled cells. Sofia Gkountela and colleagues in Amander Clark's laboratory have addressed this challenge by analyzing single primordial germ cells obtained from 134 human embryonic and fetal samples between six and 20 developmental weeks.
The researchers used in situ staining to identify the timing of expression of factors such as OCT4 and VASA. They also identified primordial germ cells using c-KIT staining, isolated them using fluorescence-activated cell sorting (FACs), and analyzed the cells' RNA content using a microfluidics-based method. The researchers also pooled these single cells to explore DNA methylation at various times in development.
The results are detailed and specific, showing for example how certain epigenetic changes in the genome are followed by loss of OCT4A nuclear expression. But a few larger patterns emerged. For instance, although erasure of genomic imprints in mice generally occurs within 24 hours, the researchers found that the same events in humans seem to occur over weeks, with a timing that is different among various loci.
The researchers also compared the results of their human samples with results obtained from human embryonic stem cells induced to differentiate into primordial germ cells in culture. They used five different protocols to create these cells and found that none of the methods resulted in faithful replication of the series of events observed in their human samples. For instance, results from pooled cells suggested that these protocols result in the expression of all key markers of primordial germ cells, but the single-cell studies revealed that such markers were rarely coexpressed in the same cells; when co-expression occurred, it was in cells that were at an early, immature stage of primordial germ cell development.
The new study gives researchers a roadmap they can use to refine protocols to create germ cells in culture. C. elegans researchers have outlined a molecular pathway that regulates life span in response to signals from the gonad. The pathway, which is also deployed during key developmental events during C. elegans growth, is highly conserved and includes the presumed orthologs of factors implicated in aging and metabolism in mammals.
There are several ways to extend life span in D. melanogaster and C. elegans, including inhibiting insulin signaling and eliminating the germline stem cells. In the absence of germline stem cells, the somatic gonad has some serious life-extending powers-in C. elegans, it produces steroid hormones that extend life span. These hormones bind to the nuclear hormone receptor DAF12, which in turn activates the transcription factor DAF-16/FOXO in cells outside the gonad. Using various genetic mutants and RNA-mediated interference, Yidong Shen et al. now identify some of the molecular events that occur between DAF12 activation and activation of DAF-16/FOXO.
The researchers show that DAF12 operates through a pathway similar to one the hormone receptor deploys during another key operation during development: regulating the transition between larval developmental stages. This pathway involves two microRNAs in the let-7 family and the nuclear factor lin-14.
In addition to linking a pathway involved in developmental timing to reproduction and aging, the findings also provide tantalizing links to metabolism. Shen et al. show that the let-7-related microRNAs work through Akt-1, a signaling protein that is also a component of the insulin-signaling pathway that regulates life span in C. elegans. Both life-lengthening pathways in C. elegans impinge on DAF-16/FOXO. Moreover, let-7 has recently been implicated in glucose metabolism in mammals.
Although FOXO transcription factors are also known to affect life span in mammals, the connections between reproduction, developmental timing, and longevity are blurrier. But in the end we may not be that different from worms; one recent study of Korean eunuchs showed that they historically lived on average 14 to 19 years longer than non-castrated men of similar socioeconomic status. 
